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EXECUTIVE SUMMARY HEAVY REES (HREEs), LIGHT REES (LREEs), AND CRITICAL APPROACH FOR REE EXTRACTION IN LRC ASH

The overall proposed project goal is to demonstrate at the laboratory scale a novel, economically viable, and RE ES (CRE ES)
environmentally benign process for recovery and concentration of rare-earth elements (REEs) from low-rank
coal (LRC) fly ash.

Overall technology objectives:

Fly ash from coal combustion is particularly promising because of its enrichment in REEs (loss of
* REEs are important elements used in high-technology products, such as catalysts, cell phones, hard drives, diluting organic material results in ~10x concentration over coal) and also its presence in fine powder
hybrid electric vehicle engines, lasers, magnets, medical devices, televisions, and other applications. form, eliminating or reducing high-energy fine grinding typically required for REE processing.

* LREEs are more abundant than HREEs; HREEs are more valuable. Apply the understanding of the transformation mechanisms in LRC of organically bound REEs for

» CREEs are those deemed as supply risk and highly important to the U.S. clean energy technologies going extraction.
forward.

* Produce a domestic “green” source of REEs
Recover other valuable minerals/elements from coal fly ash
Remove toxic metals from the fly ash

Develop a balanced approach of physical processing and chemical solvents for extraction.
Convert the fly ash into a value-added product P PP phy P g

Generate selective REE extraction not typical with existing approaches for REE from coal fly ash Atomic — ional effici
Element Number |Economic Class Most Critical REES Ve DISIEEHIclent Eecoyery Procegggs.
DOE CONTRACT DE-FE0031490
Lanthanum La 57 Uncritical
Cerium Ce 58 Excessive Longhan
PROJ ECT TEAM Praseodymium| Pr 59 Uncritical
U.S.D rtment of Energy (DOE) National Energy Technol Laboratory (NETL) MERIIT, Mo 60 ChlEE] isi
. :A\n:hpoany Zisn (?ontraectgir):g Officer: T:chanicaIeReggre::ntact)i\(/)eg YR Samarium S 02 Uncritical g:gﬂg:'__ﬁgﬁg:‘?g
* ) : e Norra Karr Group Il - Highly Promisin
* Mary Anne Alvin, Rare-Earth Element Technology Manager Europium Eu HREE Critical _*O N2 ’ i °
S o " o P! Kut I
X II '/ ’ l utessay
: Gadolinium Gd 64 Uncritical E R
Technfcal Team Terbium Tb 65 Critical ' 1] ,, North Dakota Lignites
» University of North Dakota (UND) Energy & _ - Tb = : , in Promising and
Environmental Research Center (EERC) ') Pacific Dysprosium Dy 66 Critical = \ & Huashan Highly Promising
« UND Institute for Energy Studies (IES) Dreartr i A Northwest Holmium Ho 67 Excessive Categories
« Pacific Northwest National Laboratory (PNNL) NORTH DAKOTA. NATIONAL Erbium Er 68 Critical
HABORATORY . m ]Mount Weld 1 - REE-Rich Coal Ashes
Thulium m 69 Excessive H 2 - Carbonatite Ore Deposits
' B ,/Mountain Pass 3 - Hydrothermal Ore Deposits
Partners A Ytterl_alum Yb 70 Excessive i uOb. 3 Hydrothermal Ore Deposis @ sitec
» Basin Electric Power Cooperative " e\ Lutetium Lu /1 Excessive / Bayan Bho (ion-adsorbed) Ore Deposits
» Southern Company Services DA South Yttrium Y 39 Critical
+ Great River Energy o poBASIN ELECTRIC C°“t e Scandium Sc | 21 Critical
. North Dakota Industrial Commission A Touchstone Enersy” Coopeative K> ompany
ngnlte Energy Council Modified from Seredin, V.V.; Dai, S. Coal Deposits as Potential Alternative Sources for Lanthanides and Yttrium.
I \ International Journal of Coal Geology 2012, 94, 67-93.
GREAT
RIVER %7 Lignite
ENERGY.. \ , Energy Council

REE CONTENT OF FOUR PRB COAL ASHES MEASURED BY
INDUCTIVELY COUPLED PLASMA-MASS SPECTROMETRY (ICP-MS)

(ppm, dry whole sample )

ASH FORMATION MECHANISMS IN LRC

 Itis postulated that, for LRCs, the REEs will be associated with specific phases in the fly ash, and
because of partitioning by size of these phases, selection of the fly ash from the appropriate zones
of the ESP can generate a fly ash feedstock that is chemically more amenable to REE extraction.

PROJECT TASKS o

Task 1 - Management Planning and Reporting

Perform overall project planning and
management, and ensure all reporting
requirements are met for the project.
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with the requirements of the project.

 Amorphous glass phases in the ash will be particularly challenging, as its structure inhibits good
access by traditional solvents. UND will utilize a unique method to transform a significant portion
of the amorphous glass phase into a more suitable form for REE recovery, an approach that is

Task 2 - Sample Procurement and made possible by the unique properties of LRCs.

Characterization
Coordinate sample procurement efforts
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CONVERT THE FLY ASH INTO A VALUE-ADDED PRODUCT

Task 4 - Technical and Economic Analysis

Ca
Prepare a high-level technical and economic ey Heating * Feasibility Or Us'né%da crjap'd e>|<pa?5|on %rocess
analysis with the goal to estimate A S to C-geat|e Viue a 'el I pfart|c es from the
preliminary capital and operating S e oint re]:c5|h u?{EaEs material left over after extraction <«—— Gas Recycle
. . . %’\.":' "
expenses, which will serve to direct o o e Tib%sb of the REEs.
future process development. -, .2, ,0,S0,, @ » The goal is to produce a clean material with Heat |
. o @ the porosity and particle size that will make it Pump  Exchanger
© a value-added product salable to industry: Nozzle
- Zeoli
0% Coalescence | Seobtest goert [e
o : - Sorbents
l . e
oo - Polymers
. ® - i :
i Fragmentation 100% . Insulation 0 Expansion Vessel
; Coalescence 5 - Cement
Coal Devolatilization EChar Combustion |  Reaction/Decomposition Reaction/Condensation of Products

Pyrolysis i Vaporization of Minerals-Ash Formation | Associated with Flue Gas
§ : Melting Coalescence : -
: : Fragmentation : @ Na S-Coated Ca—Fe—Al—Si Particle + REE CO N TACT I N FO R MATI O N

Al-Si-Rich Particles @ Na, S-Coated — Ca-Rich Particle + REE
Energy & Environmental Research Center, University of North Dakota

A Mineral Grain — Pyrite
Na, S-Coated — Fe-Rich Particle

Iron-Rich Particle — from Pyrite @ | 15 North 23rd Street, Stop 9018, Grand Forks, ND 58202-9018

A Mineral Grain — Kaolinite Clay

Calcium-Rich + REE Particle Derived @ Na, S-Coated — Clay-Derived Ash Particle
from Organically Associated Elements Bruce Folkedahl, Ph.D.

O
@ CaAl-REE-Rich @ Fe-Rich Particle Senior Research Manager
Organically Associated Inorganic Elements . Ca—Fe—Al-Si Particle + REE @ Na, S-Coated — Ca Al — REE-Rich 701 7775243

L bfolkedahl@undeerc.or
g‘%ﬁfﬁ Na and S-Rich Fine Particles @ g

A Mineral Grain — Crandalite — CaAlP — Host for REE

www.undeerc.org




